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Reseaych on Health Effects of Asbestos

Asbestos as a curious material was known several centuries B.C.,
especially for its ability to withstand flams. The physical and chemical
properties of asbestos combined with its fibrous structure recommended
it a; a unique material with a wide ringe of potential industrial apnli-
cation. It was not until the end of the last century, however, that it
gained importance as an industrial rescurce. The subsequent use of

" asbestos in a number of technological areas and its contribution to
 hew products mede it the precursor of the spoclai science of -industrial .
| ﬁinaral fiber technology. Asbestos is c;senti;} in today's induserial

technslogy including nazional defense, asrospace, and eivilian consumer

use.
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Asbestos is a general term applied to a group of fibrous crystal-
line hydrated silicate minerals. Although a number of different types .
of asbestos minerals exist;. oaly four or five are of commercial imporc- 'ﬁi -

ance. Zach differs somevhat from the aothers in chemical composition,

physical properties such as ability to withstand heat and chemical

erosion, crystalline structure, and in fiber dimensiocn and degree of

3

"harshness and bri ttleness.
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The yo:lduiac production of asbestos has greatly expanded since

-

the turn of the century, the overall consumption in this country lavel-

e

inz off for the écr!od 1958-63 at around 750,000 short tons annually,

Of this tonnage, approximately 937 was chrysotile, 3.5% crocidolite,

'2.5% amasite, and 1% anthophyllite and tremolite, | BB 0020561 |
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Even though asbestos has been in industrial use for well over
50 years, much is unknown regarding its health effects anﬁ safe levels
of exposure. '

It was known in the early 1900's that excessive exposure to
asbesﬁas gave rise to the disabling pulmonary disease "asbescasis.;
More recently, evidence has been Jivelopcd that the incidence $£
respiratory tract and other malignancies may be excessive {n asbestos
workers, A major problem in studying the health effects of asbcgéos
is the long latent period of éo to 25 years and over from initial o ;E:}

_ exposure to :hn_ansct of diseasg. Also in the mid-1930's and eazllc&, ;
thlt; was little dust control so that the woéklrs were often exposed
during this pericd to masiive levels of dust from asbestos and other
associated materials in the manufacture of asbestos products, Thus
the causative agents of zhe re;ul:ant disease are essentially unknowm.
Included in these potential scurces of causative agents, either ;lonl
or in combination, are the one or more Cypes of asbestos fibers them-
sclveﬁ, materials associated with the Eibirs 1# the ores such as trace
minerals and polycyclic aromatic oils, materials which might be added

du;ing processing such as metals, tars and pitches, and concomitant
e::crnalvcxpéfufes such as smoking or other air pollutants,

— -

A salient point is that in subsequent years when heavy dust

-~

exposures were feducea; disease also diminished, This definitely
indicates that with sufficient knowledge of tha agent(s) responsible

fqr the disease, along with dese-respense data, safe levels of exposure
T e
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can be established. . 1 BB 0020562 1
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Studies to elucidate the importance of the asbestos minerals
as hazards to health fall into two broad caﬁcgories: first, thase
efforts needed to insure answers to urgent questions invelving public
policy and control efforts; and second, those needed to broaden the

long-term base of informstiom on the physical and chemical factors of

fibrous materials as related to their interactionm with an;mls_ and man
so that efforts to msintain safe working and living environzents can be
constantly rcvalua:c_d and improved. In ch; first ca:ngorg;, for example,
comt Prograns aimd‘ar. clar¥fying reports of ashestos bodiq- bcit';g
present, to some extent in the lungs of a third or more of ocur populatiom.

Are these :i'uli Tesponases to asbestos fibers or are other fibers ‘.auo

Y emy !
involved? wh;re do these fibers come from, and what is thair potencial | "3 ::_"j
si_zniflcanct in terms of heglth? Is there an increasing incidence of ’:_-: g
mesothelial tumers in our population and is this in any way related to ‘ C:
asbestos minerals? Do fibrous minerals play a major or minor role in ) ‘ h
the causation of lung cancer? Are cartain forms of ub&stos or other E

fibers more important in these relationships, and what co-factors are 3?:'-," .
importane? - B SR RS

Can:qrr;nn with answers éo these pressing questions, thers is a
need for a strongly supported program umd at ansvers over the longer -
tern regarding the pathogenesis of asbestosis and the other effects that |
appear associated with the inhalation of asbestos dusﬁ. Better information
ot the physical and chemical charac:eﬂs:ics of the _ubestos minerals

which lead to their being inhaled and retained in the bedy, in their

----‘—.—

carrying with them other chemicals, in their migri:ion, Tay open up. .L.EB 0026-5.3-3“;
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unsuspected avenues of biological reseazch.

Ansvers are qneded to the following questions in safeguarding
the workers' health, yet permitting the benefit of asbestos in today's
industrial technology. The information gained will also have direce
applica:i&n toward the safe uaequ':he many new synthetic fibers being-

introduced into i{ndustry in the rapidly expanding science of industrial
fiber technology.

1. VWhat is the nature and pattemm of disease in workers expased

to the different forms of asbestos fibers and hew do thay

relate to the magnitude and duratiocn of exposure?.

The ansver to tha above is basic to understanding related health
problers and setting up research om a rational basis for‘:htlr salution,
It will provide evidence bearing on the etiologic factors involved and
their inter-relationship, give information on the dose-response relation-
ship of cthe agent(s) to the disease, provide criteria for ;e::ing up
safe levels of exposure and é;;c the basis for establishing medical and

. environmental surveillancs procedures where asbestos is encountered and

handled. It will)also‘prcvide useful information for evaluating possible

risks from inhaled fibers in those not:occupatianally exposed,

;‘ 2. How are :ht-giscases-and othtrimtnifes:azions observedvtn
worﬂc;s iﬁpﬁihd to asbestiform fibers Eharac:er;zed clinié;lly
and pa:hologicalxy, and db thiy.differ when exposure involves

one form of asbestos or another?
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Far more information is needed on the pathogenesis of asbestosis
and cn other rﬁpmes to asbestos fibers in man, based on careful
serial studies and correlations of clinical, physiologic, radiographic

and histological changes. Results of these studies would relate to the

'prevenéion of asbestos-related disease as well as give useful informa-

tien on the biological response to other respirable fibers. ~Th? Eindingé

would supplement curren:_cri:eria for diagnosfs, érognosis and manage-

rent of disease, continued employability, fair adjudica:ian of campensa- o ST
tion claims and effective rehabilitation. They would also providc Poosas
tnformatian {mportant 1n.es:ablishing survcillancc programl for asbestos
'workcrs and 1n effec:ing control measures,

-
- M + 7’

3. what are che factors invalved in the pathogenesis of the

1l
[ )

i

diseases associated with the inhalation of asbestos minerals

1
1
[t
[ oW
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and what are the primary etiologic factors involved?
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' Wi:hlfew ¢x=epcioﬁa, aapcs:os is generally. formula:e? with other

1
ey —

. .

h

materials in the preparation of asbestos products, though in many f

instances the asbestos may be a p;;damdnanc ingrediené. Even in the -
udntﬁg and.milling'oﬁ ;abcstoa, recent studies have shown that these

. pera:ions are associated wiéh exposuras to pocencially 1njuriau; .

agents such as :rucc minerals o! nickel. ‘cobale, manganese, zircanium, o i

titanium, ctc., '”'well as polycyclic arcmn:ic compounds 1n some ores,

and ﬁbcennially from metals abraded from processing equipment due to g
the harshmess of the fibers. These same contaminants may be carfied f
1n degrees in the milled Eiber and subsequently added to as processlnc ' :

——— B -
of the fiber continues, Thus the etiologle asents resulting in the ' I’ 002056?-!
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diseases observed in past studies ara generally unknown. They may have
been one or more of the fibrous forms of asbestos, trace minerals In the
ore, polycyeclic aromatic cumpo&nds associated with the ore, additiﬁe&lln A
processing, such as metals, coal tars and pitch, ete., smuking, other air . I
polluﬁan:s, or some combination of these factors, 'Scudits in the past
have generally related resulting dlsease to Eiber'cxposurc only. This
requires a further look into beth the clinical and animal research of
the past, as well as current research, to fur:hcg‘&nfint fela:ed aAgents
" in.light of this more recent information.

Tha above information will also be mest useful in pinpointing

prwan:ivt measurss, not only in' terms of inhaled fibers, but in terms

of other assoclated co-factors. ) E:?l f'?.
o - : L
&. What chemical and physical characteristics of asbestos hees 1o
fibers relate zo their respirability, mnbili:y,.clenrancé ?li sz

and immobilization in the body and how do the types of e

asbestos differ in these respects? | _ 3

o
1

Most of the research relating to the ruﬁicabui:y and recemtionm, (-

mobi;ity; and claaran&e of materials f£rom the lungs has been done o T .
g}; particulates that have random mdveﬁencs sin

ce they are gemerally spherica§23
Fibers, however, having a much greater length-to-diameter ratio, have .- .

[ 2
tr———

direction and orientation in their mevement and may—bnhavd quite differ-

ently than particula:es.' Fibers that are harsh and rigid may have tissue

e e e e m g RN A e g g G ST e S e e e
T - .

penetration potential. Through this mechanism :héy Tay, as carriers, |

'
I

transport toxic agents from the lungs to other organ sites and thus h----

i —————— =
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a .causal relationship heretofore not understood. It is impartant to ==—=—==""""""
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have an understanding of the behaviour of fibers in lungs and other
tissues and to relate this to the respective physical and chemical
characteristics of fibers so that patterns of response can be under-
stood and predicted. - |
" 5. How can asbestos fibers in vivo and vitro be differen-
tiated as to type and h;w can they be distinguished fram
non-asbhestos fibers?
Respirable fibers are ubiquitous, They may be either natural
or synthetic and from animal, vegetable or mineral origin, Hodern;

technology is introducing increasing numbers of synthetic fibers inte

industrial use. I has been known for some time that asbestos f£ibers

. e ———

"in the lungs give rise to asbestos bodies. The findings of similar- ) 5{3‘

: T
type bodies in the lungs of a large percentage of individuals coming f o
to autopsy in general urtan hospitals, even though the number in any B R t

individual may be relatively small, has given concern as Zo their
meaning as well as to the indentification of the associated fibers .
and their environmental scurce. Methods must be devcloped for S

isolating, indentifying, and quantitating fibrous materials in :ht-

lungs and other tissuss and in the associated fen-un,g!nous bodiu..

B e
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~ 6, wha: levels of o.xposnre to l:he c:!ologic agents associaced

e - [ SN

ui.:h"isbcstos-ralaud diseuu can be regarded as ufn’

R el R

This is a prime objec‘:ivc of :hl resurch When information

on safe levels becomes available, e:wironm:al and other controls can

be devised !:o keep exposures within the recomended limies.
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7. How can exposures be prevented?

The zerodynamic properti?s of fibers will differ somewhat
depending upon the specific physical and chemical properties of the
fibers. Their behavior in alr is much less understood than that of _ .
particuln:es spherical in shape. Informa:lan.is needed on the
behavior of f£ibers for the design of ventilation control equipment
and the design of process equipment to minimize the dispersion of

fivers into the air. _ . S v

8. What anvironmcn:al and undical surveillance procedurcs

are recommnndcd where asbes:as Eibers are encouncered. = EE% Ef%" 5y
) . , . et d
or handled? ) , . i T

Surveillance of the working population at risk is an essential F;j

part of any occupational health program in industry to detect early

changes Sefore darmages %o health have occurred, Environmental - _5ﬂ; “{3 l- X
monitoring of exposure levels as vell as cbncinuins infor=ation on Z;'\i}::‘ t
the hc;l:h status of the working forgce are important s;gmnn:s of ‘éﬁ; ;Ei "
a surveillanca progranu Thc devclopmgng ‘and lelicacicn of Survcil- g“i ,ii :
lance pragedurea wi‘l.l assure the use of asbest:os vith minimm risk to %; l: ;

::_ ‘ health. - : ' .7. T . | : o | ' '-_'., _,F"Il::

The ansvars to the above questions can coma only fram widely-

based interrelated research dirscted tg the health response of the

worker and his specific eavironment. The research, although directed

e——y

rather specifically to the asbestos worker and his environment, has
application in the understanding of a wide range of allied occupational

- diseases, especially those relating to fiber exposures. fhis resea:ch

1—-——--&4---
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should encompaas: ,

Epidemiclogic

(a) Longitudinal studies of groups of workers in different employ-

-

ment categories with contrasting exposures to different types of asbestes

£ibers by magnitude and duration, singly and in combination with other
associa:ed‘ma:erials capable oprroducing injury or eliciting a synergistic

response to establish intcr-ralacianships between hea;ch pattemmns of the

workers and envircomental expesures. N P . :
, , ; ‘ : NUREE o M
(b) Studies of the relation between exposurc to asbestos minerals 5{; L{j .

and clinical symptoms, pulmonarny changes demnnscrablc by pulmenary functioca -
. . {13

1 .

and work :ests, and chest roentgenographic shadous sugstativc of asbcstasls.:, i
(¢) Records studies of morbidity and mortality patterns and

trends in 3r6ups of workers with contrasting exposures to asbestas and

e e o

athar associaqld mnterial#; also a search for common genetic or hereditary

pa::é:n: filacing to the disease, | ‘_ , | :
(d) Analysis of gclec:nd post-mortem tissues of ;orklrs Qi:ﬁ-vo:k , .u:

his:orics in industries having can:raselgg'exposurls-:a different forms of;:? -

asbestos and other associa:nd unﬁ;riils during and i!:cr'pertods of o

unssivc dust exposurc. Also, studies must ba conduc:ed an uorkcrs in . A

chesa categorics who died fram an ¢xposurc asaocia:ed disaasc as wcll as

:hoac who showed no obviaus 1nd1catian of associa:cd diseasa.

(e) Sputum study of asbestos workers co_ca;relact and quantitate

wmagnitude and duration of exposures with the occurrence of asbestos

S -

bodies, .

(£) Study of contrasting papulation groups with respect to

-—-—--q.
T —_
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geographical areas, air pollution, employment patterns, ete,, Ior
presence of pulmonary ferruginous bodxeg; decermine 1f these correlate
with disease pacterns observed.

(g) Study of ecological factors that may have a bearing on

either the disease or be inter-related with causative agents,

including community exposures.

.Clinical and human patholony

o LD

, . e UL

(a) Comprehensive study of selected individuals with different £

. - Liw

patterns and progression of disease with respect to: (1) impaired % 3.
Y

pulmonary vascular circulation, both by tests of function and by angio-

s BRI K

grapoy, (2) pleural thiczkening in reducing function, producing physical

sy g f'\t

signs, altering roentgenographic patterns, and being a precursor of

~

pleural tumors, (3) impact of viral infections on pérsons with asbestos ‘
) . [
expasures, (4) sites of pulmonary fiber depositions and injury,

. .
(5) immnochemical changes, (6) the nature of emphysema so often associated |
with asbestosis,

-

(7) the ;olc of chronic bronchitis and other caﬁses and’

of pulmonary obstructive disease in alcering the prognosis of asbestosis,
(8) correlation between roentgenographic evidence of disease and the

capacity of the cardiopulmonary system to fulfill ;tq'required f&nc:ion.

»

(b) Escablishiwent of ; mesothelioms case registery including
uni form critcr{i'f;r diagnosI;; epidemiclogic follow up of reporﬁéd cises.
: (c) Development of a unifori élassificacion for reading chest
roentgenogracs of persons exposed to asbes:os and other fibers; correla:e

roentgenologic patterns with clinical, physiolegic and hia:ological
changes,
THIS DOCUMEN
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(d) Study to detect individuals who may be hypersuscepcible,

either on an acquired or a genetic basis.

Animal and tissue culture

(a) Determination of respirability, sites of retention, mobility,
peﬁc:racion and migration to other tissue, and clearance of éulmonary
fibers in relation to their chemical and physical properties.
(b) Study of mechanism of formation and meaning of ferruginous
bodies arising from respired pulmonary fibers Erop different sources. P
(c) Study of the chemtcalvand physical characteristics oflvarious :
types of asbestos fibers, singly and in ccombination with other asiocia:ed
injurious materials and their gapacity to give rise to differenc.forﬁs
of cancer; e@aluate additive ,enchancing, or inhibiting aé:ian of Elﬁnrs
and carcinagens from cigarette smoke and other sources.
(d) Study of potestial of'pulmanary fibars as carriers of
carcintogenic and other agents from lungs to other :igsuc sites,
(¢) Development of dosn-raspoﬁsc daca &s an aid to dcvcfﬁpins
safc‘cxposure levels, ‘ |
"(f) Investigation into the effects of asbestcas and other fibers,
and of assoc!nfld injurious materials, on cellular physiclogy, cnzyﬁt .
suppr;asion, and gcni:!c pattern. | | | '
. .(35 S:u&y—of 1éﬁﬁﬁac£¢m1ca1‘changcs,'bioéhemdcal tests, etc.,
thic may further cﬁarac:ertze the ¢xposuri-r¢spansc pattern and serve

as predicitive tests,

—as
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Chemical and physical

(a) Study of the positive - identification of tndividual fibers,
both in vivo and vitro; the nature and quantity of other contaminants
such as minerals, matals, and oils associated with the fibers including

mechamism of association,

(b) Study ef- solubilicy of "fibers and asscclated centaminants

o
in tissue fluids; relate to blood and urine levels of associiated %Ei
materials, . ;?;

(c) Study of sources and ;ndun:ifica:ion of respirable fibers ;
responsible for ferrugincus bodies seen in lungs and generzl population _g'
of non-asbestes workers. ' &i

- DRAFT?
Lewis J. Crallny, Ph.D. -
William S. Lainhart, M.D.

U. S. Dcpartmnn:_ﬂcal:h"Educa:1on, and wclfare
Public Health Servicae

National Center for Urban & Industrial Health
Occupational Health Program

1014 Broadway, Cincimnati, Chio
.March 8, 1967.
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